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THE METHOD OF FINDING THE MOST NATURAL
STRUCTURE OF A BIOTANK POWER PLANT

MM. Maxcumos, K.B. beenos, O.5. Maxcumosa, O.M. Maxcumos. MeToA TNOMIYKY HaWKpamoi cTPYKTYpH 0ioTeHKOBOI
eHepreTH4Hoi ycraHoBKH. Kpurepiem BHOOpY HalKpaiioi YCTaHOBKH € Pi3HULA MPHUBEACHUX BUTPAT PO3IIISHYTOrO i 6a30BOr0 BapiaHTIB.
Takuii MeToJ| TOIIYKY 3aJeXUTh TUIBKM BiJ KOH'IOHKTYpH i He BimoOpaskae peajbHHX BUTpAT i aOCOIIOTHO HE BPAXOBYE IOKa3HHKH
edexruBHOCTI. MeToro poGot Oyna po3poOka MeTOLy IIOMIYKY HAaKpamioi CTPyKTypH OiOTEHKOBOI E€HEPreTHMYHOI YCTAaHOBKH JUIS
MIATPUMKHE OajlaHCy EHepreTMYHOI CHCTeMH. IMiTauiiHMMH METOlaMHM MOJETIOBaHHS Oyino po3pO0JEHO aBTOMATH30BaHY CHUCTEMH
KepyBaHHs YCTAHOBKOKO MepoIi3y Ul yTHii3amii 30pO/KEHOro 3aiMIIKy, SIKMH OTpHMYIOTh B Oiorasosiii TexHomorii. Lle mo3sommio
BUPOOJIATH JTOJATKOBO MPOJYKT-Ta3 3 MAaKCHMAJbHOK TEIUIOTBOPHOIO 3JaTHICTIO. Byno BM3HAUGHHO LIBOBY (YHKILIIO onTHMizamii Juis
3HAXO/PKEHHS HaWKpaluX CTPYKTYPHUX KOMOiHAIili €HepreTMYHOI yCTaHOBKH, IO BUKOPHCTOBYE BiJHOBJIOBAJIBHI JUKEpENa €Heprii, sKi
MaIOTh BIIACTHBICTh PETYJIIOBAHHS], B 3aJIEKHOCTI BiJ 30BHIIIHIX 30ypeHb 3 METOI MiATPHMaHHsS OanaHCy eHeprocucTeMHu. B pesymbrari
PO3pOOKH KOM TOTEPHO-IHTErpOBaHi CHCTEMU KepyBaHHs Oi0TEHKOBOIO TEXHOJIOTi€ro Oyia BH3HAa4YeHA HaWKpalla CTPYyKTypa eHepreTUIHUX
ycTaHoBOK. Ll cTpykTypa ckiazmerscst 3 OiopeakTopa SIKMH IMpaIoe B CTAL[IOHAPHOMY PEXUMIi 1 YCTAaHOBOK IipoJi3y Ta MapoTypOiHHOT
YCTAHOBKH, $Ki TPAIIOIOTh B PETyIBOBAHUX JAMHAMIYHMX Jiarma3oHax. OTpuManuii OioMeTaH i TPOMYKT-Ta3 3 YCTAaHOBKH IpOIi3y
HAamNpaBISIEThCS B TA3TONBJEP a IMOTIM Ha JM3ENIBbI€HEPATOPHY YCTaHOBKY. ByrimucTuii 3amumiok i CMOJIM HAAXOAATh HA CKJaJ, a MOTiM
HaNpaBJIAIOThCA Ha MapoTypOiHHY YCTaHOBKY. Perymioroun poOOTy yCTaHOBOK Miponidy 1 MapOTypOiHHHMX 3MIiHIOETHCS BUPOOJICHHS Ha
Ta30BOMY JIM3€Ji ENEKTPHYHOI €Heprii Ta i JOZAaTKOBO 3MIiHIOETBCS BHPOOJICHHS €IEKTPUYHOI eHeprii Ha mapoTypOiHHiM ycTaHOBILI, TpH
IIbOMY MHapoTypOiHHA YCTAaHOBKA HE HABAHTAXYEThCSA JO MAKCHMAJbHOrO 3HAYCHHS, a Mae OOEPTOBHMI 3amac MiJ pe3epB, MOKa3HHUK
e(peKTUBHOCTI HANKPAIIOi CTPYKTypH cTaHoBuTH 0,4112.

Knouosi crosa: Halikpaia CTpyKTypa, Oi0TEHKOBA eHepreTHYHa KCTAaHOBKA, KEPOBAHMIT IIEPOJTi3, PEry/IbOBaHi JHHAMIUHI Tialla30HA

M. Maksymov, K. Beglov, O. Maksymova, O. Maksymov. The method of finding the most natural structure of a biotank power
plant. The criterion for choosing the best plant is the difference between gross costs and the baseline options. This search method depends
only on the situation and does not reflect the real costs and does not completely take into account the performance indicators. The purpose of
the work was to develop a method of finding the best structure of a biotank power plant to maintain the balance of the energy system. Simu-
lated methods of simulation have developed an automated control system for the plant of perolysis for the utilization of fermented residues,
which are obtained in biogas technology. This made it possible to produce additional product-gas with maximum calorific value. An optimi-
zation target function has been identified to find the best structural combinations of a power plant that uses controllable renewable energy
sources, depending on external perturbations, to maintain power system balance. As a result of development of the computer-integrated
control systems, the best structure of power plants was determined by biotank technology. This structure will consist of a steady-state biore-
actor and pyrolysis and steam turbine facility units operating in controlled dynamic ranges. The resulting biomethane and product gas from
the pyrolysis facility is sent to the gas holder and then to the diesel generating facility. The carbonaceous residue and resins are fed into the
warehouse and then sent to the steam turbine facility. By regulating the operation of the pyrolysis and steam turbine facility, the production
of gas diesel electricity is changed, and the power generation at the steam turbine facility is further changed, while the steam turbine facility
is not loaded to its maximum value and has a rotating reserve, the efficiency of the best structure is 0.4112.

Keywords: the best structure, biotank power plant, controlled perolysis, adjustable dynamic ranges

Introduction

To find the best indicators of power plants, the system operator uses a target function, which is
based on the minimization of gross costs, which allows to compare options that have the similar bene-
ficial effect, but different specific indicators [1]. With various useful effects, the closing function is
introduced into the objective function by the value of the difference in the useful effect. The criterion
for choosing the best installation is the difference in the gross costs of the considered and basic op-
tions. This approach depends only on the conjuncture and does not reflect real costs and absolutely
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does not take into account the efficiency indicators of that group of plants, which can be and have min-
imal costs [2]. The value of the objective function of optimizing the efficiency of the technical and
economic method is not "limited" and does not allow us to assess the influence of certain processes on
the overall efficiency of the option.

Analysis of literary sources and definition of research problems

Previously reviewed material suggests that for finding the best structure of any power plant, at
the moment, there is no single approach to considering efficiency, taking into account both energy and
economic criteria in the target functions.

An analysis of literary sources showed that relative energy performance indicators can be used to
find the best structure for any power plant.

The expressions showed in [3] using the above criteria do not give satisfactory results. Moreover,
based on such expressions, it is impossible to determine the deficit of one type of energy production and
the overproduction of another type in the system. However, with a different approach, it is recommended
to use technical and economic or other specific indicators to form the objective function [3, 4].

In [5], formation of performance indicators is proposed to be carried out in close connection with
the energy system. At the same time, the control surface includes the energy system, the unit under
analysis, and the environmental emission rating system.

Materials [4, 5] of research have shown that the optimization of power plants is carried out ac-
cording to some parameter or group of parameters. And the method of writing such an objective func-
tion is quite simple. Quick amendment is being made in the amount of energy products consumed in
the system. In general, more than one plant works in the system. In [4, 5] there is no description of the
method for finding the best structure of any power plant, although the objective function is shown that
allows performing structural optimization.

An analysis of the sources showed that in the open literature there is no method for finding the
best structure for a power plant, which allows you to determine the production of energy products de-
pending on the system demand and disturbances. Therefore, it is necessary to develop methods for
finding the best structures to ensure the efficient operation of power plants in the system.

Aims and objectives of the research

The purpose of the article is to develop a method of finding the best structure of a biotank power
plant that uses renewable energy sources to maintain the balance of the energy system by finding the
best structure of its components, while improving its energy efficiency.

The goal is accomplished by solving the following tasks:

— development of a model of automated control system for the utilization of fermented residue of
variable composition, which is obtained in biogas technology, which will allow to produce additional
synthesis gas with maximum calorific value;

— development of a method for determining the objective function of optimization and finding the
best structural combinations of energy plant using renewable energy sources, which have the property of
regulation, depending on external perturbations in order to maintain the balance of the power system.

Model of automated control system for disposal of fermented residue

Let’s consider the control object, which is a biotenk power plant, shown in Fig. 1. The prototype
plant, considered in [6]. the second section, implements the following technology. The vegetable sub-
strate from the storage (1) enters the preparation point (2), then by the pump (3) feed the prepared raw
material loaded into the methane tank (4). Fermentation biogas enters the gas holder (5) and then to
the diesel generator facility (DGF) (6). To heat the raw material in the metatank to the fermentation
temperature and maintain the thermal regime, use a cooling circuit (DGF) (7) through which hot water
flows. The fermented residue enters the storage (8). The circuit under consideration has two control
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loops. In the first circuit, regulating the flow of gas from the metatank to the gas holder, with the flow
rate of the digested residue correction, the consumption of the loaded substrate in the metatank is de-
termined. The second control loop maintains the set temperature in the metatank due to the heat dissi-
pated from the DGF by the flow of coolant. In this condition, the plant operates in a stationary mode
without stops, which is a consequence of the large inertia of the raw material control channel 4 [6].

13

]

Fig. 1. Technological scheme of bioten power plant

To increase energy efficiency and acquire maneuvering properties, it is proposed to add the bio-
gas plant with pyrolysis plant. The pyrolysis plant can operate cyclically or amend its gas productivity
depending on the adopted strategy. The pyrolysis reactor (9) receives the dried fermented residue from
the storage (8).

The produced product gas at the outlet from the reactor enters the general system, where it is di-
vided into two streams: to the consumer and to recirculation. The last one is fed to the recirculation
inlet of the reactor and serves to dry and heat the raw material. The amount of air required for pyroly-
sis is supplied through the air collector. The resulting carbonaceous residue and resins are sent to the
warehouse (10).

For the pyrolysis installation, the adjustable parameters are:

— gas product consumption;

— pyrolysis temperature (of gas product);

— gas product composition.

Control actions are:

— consumption of raw material;

— air consumption;

— consumption of product gas recirculation.

External disturbances to the object are:

— predetermined consumption of product gas;

— composition of the raw material.

The presence of a “wet” gas tank allows you to have a buffer tank to smooth the flow of gas in
case of sharp changes in its consumption. In addition, a amendment in the level in the gas tank can
serve as yet another controlled parameter that shows an imbalance between the consumed and generat-
ed amount of the gas product.

The control system is constructed as follows. There are three controllers in the system. The re-
quired product gas flow rate is determined by the deviation of the water level in the gas tank and is
maintained by amendment the product gas recirculation consumption. However, without maintaining
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the required mass of the substance in the reactor, product gas generation will cease, therefore, the py-
rolysis reactor should be equipped with a product gas flow regulator that amend the consumption of
raw material (fermented residue). The pyrolysis temperature is maintained by amendment the air flow.
To compensate for disturbances in the composition of the raw material, the temperature controller re-
ceives a correction signal for the composition of the product gas.

In addition, to create a power reserve and increase energy efficiency and improve the maneuver-
ability of the installation, it is proposed to additionally equip it with a steam turbine facility. The steam
turbine unit includes a steam boiler (11) and a steam turbine (13). The steam boiler (11) can operate on
carbonaceous residue and tar liquid fractions. The presence of reserves of carbonaceous residue allows
you to use it as the main fuel for the operation of the steam power plant in the mode of providing pow-
er changes. In this case, the turbine operates at partial power. And resins, as a higher-calorie fuel, can
be used to cover peak loads of energy consumption in case of lack of power from diesel generator fa-
cility. In this case, the turbine (13) is brought to maximum power. DGF (6) from metaten gas works
with a large reserve of power which decreases when the gas product is generated at the pyrolysis unit
(9), thereby allowing DGF (6) to partially participate in the power coating.

The block diagram of the modernized plant is shown at Fig. 2. Designations of structures corre-
spond to the description to Fig. 1.

11

—>104l><1—|_.

Fig. 2. The block diagram of the bioten energy plant

For research transient characteristics of the bioten power plant operation, the a simulation model
was compiled. Enlarged, it consists of models of a bioreactor [6], coal boilers [7] and a turbogenerator
[8], a diesel generator [9] of a pyrolysis unit [10].

Mathematical models of most elements are known and considered in the relevant literature [7, 8,
9, 10]. The mathematical model [11, 12] of the pyrolysis unit is considered. The structural diagram of
the model is shown in Fig. 3.

From the point of view of biogas production control, the bioreactor has a sufficiently large inertia
and is not used for operational control the power of power plant. Therefore, the dynamic model of the
bioreactor is not considered further.

After consideration of the external disturbances, adjustable and control parameters, automated
control system of bioten energy plant was synthesized. The scheme of the automated control system in
simulation environment Simulink is shown at Fig. 4.

To research the operation of the ACS as external influences, a amendment in the power setting of
the plant was chosen, when the boiler is running on gas ZNgen = 50 % and when the boiler is on car-
bonaceous residue ZNgenl = 30 %.

The amount of carbon residue is calculated as the difference between the molar flow rates of the
raw material and gas synthesis (coal = G1-Q2)

Transient graphs of ACS are shown in Fig. 5 and Fig. 6.
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Fig. 3. Block diagram of a simulation model of a pyrolysis facility

Thus, a preliminary simulation of each individual unit of power equipment allowed to obtain its
transient characteristics. This made it possible to determine the times of transitional processes.

In the Table 1 shown the initial data for calculating the possible structures of a bioten pow-
er plant.

Method for finding the best plant structure

Let’s consider the method of finding the best structure of a biotank power plant for the possibility
of primary regulation of the power system. Primarily, the need for electric energy N(t) in a given

time range t€[0; t.,] should be known. Secondly, the types of power plants that can be included in
the structure under consideration should be known. Their minimum and maximum power N and
N and operating mode (stationary N;(t)=const, dynamic N;(t)=var with possible stops and
fast starts). For the conditions under consideration, the bioreactor operates in a stationary mode
Q,n =const. The product gas pyrolysis plant operates in a dynamic mode G (t)=var, but with-
out stops.
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STF operates in dynamic mode N (t;) but with the ability to create a spinning reserve in a vir-
tual plant Ny, (t,). Thus, for each type of plant, a vector | of source data is set, which includes:
maximum power (N /) and its corresponding efficiency n;(N;(t;)), minimum power N, dy-
namic characteristic of the transient process along the channel fuel generated electricity
N; [N/ Nm], the output characteristic is system efficiency n, ;, which is calculated according

to [3, 4, 5] of the following form I_=(N;“ax,nj(Nj), NN Mg ) -

0 b [w]v] [ |:|
[ale [u}]
i T
o4 —P—ﬁ"o_. o4 T
Manual Switch
u}
Lz o PID 1 oz 4 -
Ll L
L_Contral W
PO 3 Ha! o oo .
Tz
Extrem T2_Cartrol
simowt
0 D ol 2z Coalp—
ToWorkspace
G2z @2_Cortrof Saturation
Piroliz I:I
u
Kpk Turko_Gen n
F o
_< : |‘_ ZM
G0 nz g r gen
Hgen |4 50
It —] Ht o g Gwn
- L]
- u}
P Spk Fmp
ZPm Ly
m_: - ] C onitrC @as a2 Fb P‘D
P Fmi_in
Step Fb in Fuel | Contr I"‘
_ Coal i Coal oH Pm_Ph
L_in e S el
Steam Bailer
Cantroller Fuel Select
simout]
u] Ly To Workspace

Made

Fig. 4. Model of a pyrolysis facility with a boiler loaded with a turbo generating facility

ENERGETICS



88 . . . . ISSN 2076-2429 (print)
[Mpani Opecbkoro nositexHiuHoro yHiBepeutety, 2020. Bur. 1(60) ISSN 2223-3814 (online)

AT, °C AQ2, mol/s
0.05[ 1 e - 0.04F iy oo e e ]
—0.05p 4 V5 o
-0.1 - : -0.02 ' :
0 500 1000 T,S 0 500 1000 TS
a b
AL
0.05}

Fig. 5. Deviation of the controlled parameters of the
Ol P e pyrolysis facility from time: temperature of the product
i ' gas (a); consumption of the product gas (b); composition

-0.05}! |
of the product gas (c)
-0.1 i |
0 500 1000 TS
c
AG1, mol/s AQ1, mol/s
0.4} E 0.1
02 1 Of , IV VA i i
0 f " WA, 4" AV A VA o~ . _U-.__,_.__._\__.___- _01 | .- Y |
-02 : —0.2- = =
0 0 500 1000 1,5 0 500 1000 T,S
a b
AQ3, %

\ Fig. 6. Deviation of the regulatory effects of the
-1f" {1 pyrolysis facility during disturbance: consumption of
raw material (a); consumption of air (b); consumption

| WL LSS S S of product gas recirculation (c)
-3 '
0 500 1000 T
c

To calculate the efficiency of each structure n ;, it is necessary, in addition to the need for elec-

trical energy N(t), to know the energy gross costs ¢, which are defined in [4, 5]

Let’s consider possible structures of a bioten power plant for which it is necessary to compose a
vector of initial data.

Structure 1. Only the bioreactor works in the plant in the stationary mode, the fermented residue
enters the storage, and the obtained biomethane is sent to the gas holder, the gas diesel constantly gen-
erates electric energy, the cooling of the diesel is spent on the preparation and heating of the initial
substrate. The vector of initial data for structure | has the form

= (NB& Mper (Nper )y NOGE s Npgr i Mer 1) -

Structure 11. The bioreactor operates in the plant in a stationary mode and the pyrolysis unit is in
a controlled dynamic range, the fermented residue enters the storage, and then undergoes pyrolysis.
The resulting biomethane and gas product from the pyrolysis facility is sent to the gas holder. Carbo-
naceous residue and resins arrive at the warehouse. By regulating the operation of the pyrolysis unit,

the generation of electric energy in a gas diesel changes N, and N/%-, the cooling of the diesel is

EHEPTETHUKA



ISSN 2076-2429 (print)
ISSN 2223-3814 (online)

Proceedings of Odessa Polytechnic University, Issue 1(60), 2020

89

spent on preparing and heating the initial substrate and draining the fermented residue. The vector of

initial data for structure Il has the form:

I =(NB& Moee (Npge ) NSE:, NDGF’Gpg'nDGF(NIggF)' NG Met ) -

Table 1
The initial data

Name of indicator Indicator value
Yield of corn (mt/ha) 15
Obtained biomethane, kg 238
Calorific value of biomethane, MJ/kg 35.5
Obtained fermented residue, kg 374
Obtained product gas, kg 261.8
Calorific value of product gas, MJ/kg, 20
Obtained liquid fuel, kg 56.1
Calorific value of liquid fuel, MJ/kg, 23
Obtained carbonaceous residue, kg 56.1
Calorific value of carbonaceous residue, MJ/kg, 30
The maximum efficiency of the diesel generator facility 0.46
The maximum efficiency of the steam turbine facility 0.42
Minimum capacity of diesel generator facility on bioten 388
methane, MW '
Added power of diesel generator facility on product gas, MW 241
MiHiMabHa TOTYXKHICTh TApO-TYpOMHHOI YCTAHOBKHM Ha BYT- 035
suctoMy 3anmumky, MW )
The minimum power of the steam turbine facility on the carbon 0.71
residue, MW '
Power of a virtual power plant on liquid fuel that provides 0.54
torque, MW )
Torque reserve, MW 0.08
Gross costs for basic electricity, J(h)/J(e) 3.233888889
Gross costs for peak electricity, J(h)/J(e) 5.352777778
Simulation time lapse t, s 28800
A polynomial, by which set a systemic demand N(t) , MW —0.000172 +0.39237 + 0.3552
A polynomial, by which set dynamic properties of pyrolysis
prOdUCt'gaS faClllty Gpg (T) , kg/s —0.000672 +0.5505t+0.1331
A polynomial, by which set dynamic properties of increase / | —0.7917t2 +112.285t
decrease of power DGF N e (t) , MW —0.791712 —17.271+3886.7
A polynomial, by which set dynamic properties of increase / | 0.0001t2 +0.3923t +0.3552
decrease of power STF N (1), MW 0.0001t2 +0.09237 + 718.65
A polynomial, by which set dynamic properties of increase / | 0.0022t2 +1.8438t +0.3559
decrease of capacity virtual power plant N;qp (7) , MW 0.00221t2 + 0.3t +718.65
The maximum value of disturbances, MW 10; 7

Structure 111. The plant has a bioreactor in stationary mode and a pyrolysis unit and a steam tur-

bine facility in adjustable dynamic ranges, the fermented residue enters the storage, and then undergoes
pyrolysis. The resulting biomethane and product gas from the pyrolysis unit is sent to the gas holder.
Carbonaceous residue and resins arrive at the warehouse, and then sent to STF. Regulating the operation
of the pyrolysis units and the steam turbine, the generation of electric energy in a gas diesel engine

changes N, and NS and additionally, the generation of electric energy changes STF N .
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Diesel generator cooling and STF spent on preparation and heating of the initial substrate and
drainage of the fermented residue. The initial data vector for structure Il has the form:

L :(NDmg)l(ZinDGF(NDGF)'NS(iSnF'NDGF'GpginDGF(NSgF)iNI‘D)?BF'N?I%;('nSTF(NSTF)! N, Nre i Mer )

Structure 1V. The plant has a bioreactor in stationary mode and a pyrolysis unit and a steam
turbine facility in adjustable dynamic ranges. At the STF is foreseen not the maximum load, but a part
of the power is reserved for the rotating reserve. From the bioreactor, the fermented sediment enters
the storage, and then undergoes pyrolysis. The obtained biomethane and product gas from the pyroly-
Sis unit is sent to the gas tank.

Carbonaceous residue and resins arrive at the warehouse and then sent to the STF. Regulating the
operation of the pyrolysis units and the steam turbine, the generation of electric energy in a gas diesel

engine changes N, and N5. and additionally, the generation of electric energy changes at the
STF N, while STF is not loaded to a maximum value, but has a power reserve for a rotating re-
serve Ny pp -

The cooling of the diesel generator and STF is spent on preparing and heating the initial substrate
and draining the fermented residue. The initial data vector for structure IV has the form:

I =(NB& Mpoer (Nper ), NEg:  Npe ’Gpg’nDGF(NIg(gBF)’ N5ee s NEE Msre (Ngre ), NG N
Nie s Nviree (Nvirpp )y N6 - Nuiepp s et v )-

The calculation of each structure is carried out separately according to the algorithm for calculating
the efficiency indicator. The developed algorithm contains: input conditions and a search algorithm.

Input conditions.

A. For analysis the following data were accepted for power system consumption: function of en-
ergy consumption depending on time N(t); its minimum N ;. and maximum N, values, and the

Test

system demand is calculated by the formula I N(t)dt.
0

B. Data on the bioten power plant. The consumption of the initial substrate (corn) and the amount
of biomethane produced from it G, with its calorific value G,, and the fermented residue formed

fromit G, .
C. The dynamic characteristic of the product gas flow G, (1) of the pyrolysis unit, the accelerat-

ing characteristics of the diesel generator N (t) and steam turbine facility N (t), virtual power
plant using a rotating reserve Ny;pp (1) -

D. Limit values of the energy characteristics of the plants: for diesel generator — Nt and
Nmax , for steam turbine — N2 and N for virtual — N/n, and N2 .

E. Adjustable characteristics: for a pyrolysis installation for the consumption of product gas —
Gpg(r)e[O;Gg‘gaX]; for DGF — Npg €[Nmn ; Nmax]; for STF Ng €[NDn; Nmx], for virtual
power plant — Ny;pp €[NJi3e 3 NJiRe ]

F. Regulation conditions for power plants of the inflicted perturbation AN
AN, e (0; (Ng + Ngee) = N(x,)].

1. DGF and STF work in parallel in order to compensate for the inflicted perturbation as quickly
as possible:

o» in the range

If Npge (ti) + Ngre (17) < NT&E + N&, that Nype (1) =0

2. Virtual power plant compensates inflicted perturbation provided
Nper (Ti) + Ngre (1) 2 NJ&e + NS
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3. The values of the efficiency of STF, DGF and virtual plant depend on current power:
Nste (Nsre (1)) 0 Moer (Noer (11)) @nd Myipe (Nyipp (77))  @nd is determined from the formula

N(Ti) 0.37

max

T]()Ti = 1/]max [

4. The imbalance of the current state at the time point of the system is calculated by the formula
eN(t;)=N(t;) =(Npgr (1;) + N (77)) -

G. Energy characteristics: biomethane — Q,,,, product gas — Q_, , carbonaceous residue — Q

pg ’ cr

and resin — Q, .

H. The calculation of the efficiency of the current structure of units of power equipment at a time
1, Will be carried out according to the formula

T N (t)d<

0

nef = ’

7 ( Nre (1) + Npee (T) + Nyirpp (1) +eN(1)- (Pj dt
Nste (Nsre (1)) Mper (Npee (1) Mvirre (Nyirpp (7))

where ¢ — are the closing energy costs determined in [4, 5].

The search algorithm is in the time cycle by t<[0; 7, ].

Step 1.

We determine the initial values of all technological parameters of power plants to ensure the ini-
tial conditions.

Step 2.

The current value of the system demand without disturbance is calculated according to paragraph
A of the input conditions. Inflicted perturbation to the system at a point in time z; taken into account

by changing the rule for calculating system requirements, namely, on the time interval of the perturba-
tion, the current value of the system demand is taken as

0

[NE@AT+ N (700 = 7,).
0

Step 3.
Compare the minimum power settings N2t with the current value of the system demand N(x,).

If the value of the system demand is more or less, then we change the structure of technical means,
connecting or disconnecting accordingly pyrolysis plant according to paragraph C of input conditions.
Step 4.

Compare the sum of the current power values of the two plants N (t;) + N (t;) with the
current value of the system demand N(z,). If the values are equal, then control actions are not ap-

plied. If the value of the sum is more or less, then the control actions decrease or increase, respective-
ly, according to paragraph C of the input conditions.
Step 5.

Compare the sum of the maximum power values of the two plants N2 + Nm& with the current

value of the system demand N(z,). If the value of the sum is less or more, then we change the struc-

ture of the technical means by connecting or disconnecting the virtual installation accordingly accord-
ing to paragraph C of the input conditions.
Step 6.
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We determine the imbalance eN(t;) between the generating units and the system demand in ac-

cordance with paragraph F of the initial conditions of clause 4.
Step 7.

We calculate the efficiency according to paragraph H of the initial conditions.

The choice of the best structure corresponds to the maximum value of the efficiency coefficient:
Net max = MaXMer 15 Mer 15 Mer s Ner -

Discussion of the results

Vector calculations 1:; lu; Iw; lw gave the following results, according to [3, 4.]:
Ner max = Max{0.293671; 0.401699; 0.403515; 0.411219}=0.411219. Thus, structure 1V is best. Sub-

sequently, the structure of 1V was studied taking into account the amendments in the schedule of sys-
temic needs. Table 2 shows polynomials, simulations of system demand and value n .

Table 2
The results of modeling
Type of polynomial simulation Polynomial simulation Efficiency indicator n
Linear 595t +4239.97 0.411219
Square convex —72.7472 +11771+ 4239.97 0.397023
Quadratic concave 7472 + 3.1t +4239.97 0.400392
Quadratic with extremum —125.85t2 +1548.5t + 4239.97 0.388476

At Fig. 7 dependencies of changes in the energy efficiency indicator n, are shown for various

types of system demand schedules according to Table 2 depending on time. In the given dependences,
two groups of changes n, can be highlighted: the first spasmodic ones illustrating a change in the

structure of a power plant at some point of time t and leading to a local increase n, ; the second

smooth ones are explained in the unchanged structure by the amendment in the adjustable parameters
by the regulators.

MNet

0.4+

0.31

0.2

0 1 2 3 4 5 6 7 8 s
Fig. 7. Dependencies of the energy efficiency indicator amendments for different types of system time graphs.

(For the type of system need dependence, check A of the initial conditions: 1 — linear; 2 — concave; 3 — convex;
4 — with extremal)

The main conclusion that the considered method allows to control not only the structure of power
plants that make up the bioten, but also control the technological parameter. In addition, the analysis

of changes n, from t for various types of adjustments in systemic needs showed that in the curves a
transformable similarity of the found solutions for managing the structure is observed. The shift of the
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transformable similarity to the beginning or to the end of the count t is related to the current maxi-
mum need of the system. It should be noted that a decrease in indicators n,; at the beginning or at the

end of the reference is associated with a small or large systemic need for the considered model. At the
beginning of the countdown in a bioenergy plant, only one of the plants in the structure generates elec-
tricity, but with a reduced own efficiency due to the fact that the maximum power of this plant exceeds
the system demand, and in the end all the plants operate at maximum power, but still there is a lack of
power and it offset by locked energy costs. The same lack of power is happening when perturbing.

For research of revealed circumstance with structure 1V for linear systemic needs, computational
experiments were carried out related to the application of spasmodic perturbations of power. Perturba-
tions (check Table 1) were caused by two different values of 10 MW with a significantly larger value
than the system demand and 7 MW with a value commensurate with the maximum value of the system
demand) over a time interval [t ; 28800] sec at T, €{18;5400;12600;19800; 27000 }.

The results of computational experiments are shown in Fig. 8 and Fig. 9.

MNet
1 —
6
I 3
oa _M
' I N
1
0.3 Iy r \
1
2 3 4 >
024

0 2 4 6 8 T, S
Fig. 8. Dependences of the change of the energy efficiency indicator for the case of perturbation with a power

jump of 10 MW. (1 — no perturbation; 2 — perturbation after 0.05 hours; 3 — perturbation after 1.5 hours; 4 —
perturbation after 3.5 hours, 5 — perturbation after 5.5 hours; 6 — perturbation after 7.5 hours ).

An analysis of the results showed that when a perturbation is applied by a power jump to the
plant, the efficiency index sags, and then, by amendment of the structure, its relatively increase. This
effect is observed with small system needs, when there is an energy potential to compensate for dis-
turbances, but this effect ceases to be observed when the system demand is commensurate with the
maximum plant power.

MNef

0.45

0.4

0.35-F

0.3

0 2 4 6 8 U

Fig. 9. Dependences of the change of the energy efficiency indicator for the case of disturbance with a power
jump of 7 MW at different times: (1 — no disturbance; 2 — disturbance in 0.05 hours; 3 — disturbance in 1.5
hours; 4 —disturbance in 3.5 hours, 5 — indignation after 5.5 hours; 6 — indignation after 7.5 hours)
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A confirmation of this hypothesis was demonstrated in the case of perturbation by a power jump -
equal to the maximum system demand. From the analysis of the figure, we can conclude that only a
amendments in the structure of the system is carried out to compensate for the disturbance.

Conclusions

1. Synthesized automated control system of the pyrolysis plant, which allows to stabilize the
technological process of obtaining the product-gas at the set technological values and developed a
method of controlling the pyrolysis of organic raw materials to ensure a given consumption of prod-
uct-gas in the application of perturbations with the composition of raw material.

2. An analysis method is developed, which determines the suitability of power plants of different
types, depending on their dynamic characteristics, for the possibility of compensation of disturbances
in the energy system. A method of finding the best structure of a biotank power plant is developed by
determining the objective function of optimization and finding structural combinations of a power
plant using renewable energy sources that have the properties of regulation, depending on external
perturbations in order to maintain the balance of the energy system.

3. As a result of the development of CICS by bioten technology, the best structure of power
plants was determined. This structure consists of a bioreactor operating in a stationary mode, pyrolysis
and technical training units operating in controlled dynamic ranges. The resulting biomethane and
product gas from the pyrolysis unit is sent to a gas tank and then to DGF. Carbonaceous residue and
resins arrive at the warehouse, and then sent to STF. By regulating the operation of the pyrolysis units

and the steam turbine, the generation of electric energy N, .- and N5 on a gas diesel engine chang-
es and the generation of electric energy on a STF N also changes, while the STF is not loaded to its
maximum value, but has a power reserve for a rotating reserve N, , the efficiency indicator is fol-
lowing: M max = Max{0.293671; 0.401699; 0.403515; 0.411219} = 0.411219.
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